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Background and Purpose: Moyamoya disease is a well described phenomenon. This pattern 
of collateralization associated with isolated middle cerebral artery stenosis and the natural 
history of this entity have not been well described. Methods: Cerebral angiograms and CT 
angiograms performed between August 2004 and August of 2006 demonstrating moyamoya 
collateralization were retrospectively reviewed. All cases of middle cerebral artery stenosis 
associated with a rete pattern of collateralization were included in this series. Demographic, 
clinical, and angiographic data were obtained. Results:  There were three cases of middle cerebral 
artery stenosis associated with a moyamoya pattern of collateralization.  The average age of the 
patients was 36-years old, 2 were male, and all were Caucasian. All patients presented with 
ischemic symptoms. The average degree of stenosis was 91%. No stenosis was seen in the 
supraclinoid internal carotid arteries or elsewhere in the intracranial vasculature. Conclusion: 
We describe an unusual pattern of anastomosis associated with isolated severe middle cerebral 
artery stenosis or occlusion in Caucasians.
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Materials and Methods
Cerebral angiograms and computed tomographic(CT) angiograms 
performed between August 2004 and August of 2006 in which the 
moyamoya pattern was observed were retrospectively reviewed. All 
cases of middle cerebral artery stenosis associated with a rete   pattern 
of collateralization were included in this series. Demographic, clini-
cal, and angiographic data were obtained.
results
There were three cases of middle cerebral artery stenosis associated 
with a moyamoya pattern of collateralization. The average age of the 
patients was 36, two were male, and all were Caucasian. The symptoms 
that prompted cerebral angiography were ischemic in all cases. One 
case involved the right middle cerebral artery and one case involved 
the left middle cerebral artery, and one case involved both middle 
cerebral arteries. The average degree of stenosis was 91% (Table 1). 
The anastomotic supply was through a fine network of basal ganglia 
perforating arteries that gave the pattern of a “puff of smoke” asso-
ciated with moyamoya disease in two-dimensional (Figure 1) and 
three-dimensional CT angiography (Figure 2) and digital subtraction 
angiography (Figure 3). No stenosis was seen in the supraclinoid 
internal carotid arteries or elsewhere in the intracranial vasculature.
discussion
Moyamoya has been extensively studied, primarily in the Japanese 
population. Middle cerebral artery stenosis and moyamoya pat-
tern collateralization has also been well described among Japanese 
introduction
Moyamoya disease was first described by Takeuchi (1961). This 
disease is most prevalent in Japan were it is thought to affect 
up to 3% of the population (Kuroda et al., 2005) It is classi-
cally defined as bilateral occlusion at the terminal portion of 
the internal carotid artery together with an abnormal vascular 
network at the base of the brain. The name, moyamoya, means 
puff of smoke in Japanese and comes from the angiographic 
appearance of the abnormal vascular network at the base of 
the brain. (Takeuchi, 1961)The patho-physiology of moyamoya 
is thought to involve progression of stenosis or occlusion of 
the intracranial major arteries including the distal ends of the 
internal carotid artery as the primary lesion and the formation 
of the abnormal vascular network secondarily as collateral sup-
ply.(Fukui et al., 2000).
The moyamoya angiographic pattern has also been seen in 
association with stenoses in the posterior circulation and in 
association  with  a  variety  of  vascular  anomalies.(Kinoshita 
et al., 1998; Komiyama et al., 1999) There are less frequent 
reports of moyamoya pattern collateralization associated with 
middle cerebral artery occlusion in Japanese patients.(Fukawa 
et al., 1981, 1982; Morii et al., 1988; Sameshima et al., 2000; Seki 
et al., 2001) There are only two such reports in non-  Japanese 
patients.(Zulch et al., 1974; Walsh et al., 1984) We report three 
patients with isolated middle cerebral artery stenosis or occlu-
sion  associated  with  moyamoya  pattern  collateralization  in 
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patients, but there are few reports in non-Japanese patients. (Fukawa 
et al., 1981, 1982; Morii et al., 1988; Sameshima et al., 2000; Seki et al., 
2001) Moyamoya phenomenon, seen in association with middle cer-
ebral artery occlusion in a non-Japanese patient was first described 
by Zulch et al. (1974). In this description a Caucasian patient was 
found to have carotid siphon stenosis as well as a middle cerebral 
artery occlusion and went on to develop a moyamoya pattern of col-
lateralization 23 months later.(Zulch et al., 1974) The only report of 
isolated middle cerebral artery stenosis associated with moyamoya 
pattern collateralization in a non-Japanese patient was provided 
by Walsh et al. (1984) In this description a 12-year old Caucasian 
girl presenting with subarachnoid hemorrhage and a hematoma in 
the pineal region was found to have an arterial rete surrounding an 
occlusion of the left middle cerebral artery (Walsh et al., 1984). It is 
thought by Suzuki and Takaku (1969) that moyamoya disease is an 
FiguRe 1 | Right middle cerebral artery stenosis and moyamoya 
phenomenon in non-reconstructed two-dimensional CT angiography.
FiguRe 2 | Right middle cerebral artery stenosis and moyamoya 
phenomenon in reconstructed three-dimensional CT angiography.
FiguRe 3 | Right middle cerebral artery stenosis and moyamoya 
phenomenon in PA view of right internal carotid contrast injection in 
digital subtraction angiography.
Table 1 | Patient characteristics.
Patient  Age  Sex  Race  Presenting  Risk factors  imaging  Degree of stenosis 
        findings    modality
1  42  M  Caucasian  Recurrent L sided  Hyperlipidemia  Catheter  Occluded RMCA 
        weakness    angiogram
2  23  M  Caucasian  R sided weakness/  Childhood  Catheter  75% LMCA Stenosis 
        paresthesia  stroke  angiogram
3  42  F  Caucasian  Bihemispheric  Tobacco,   Catheter  Occluded RMCA; 90%  
        TIAs  obesity  angiogram  LMCA stenosis
M, male; L, left; R; right; MCA, middle cerebral artery; CT, computed tomography; CAD, coronary artery disease; TIA, transient ischemic attack.www.frontiersin.org  November 2010  | Volume 1  | Article 119  |  3
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acquired phenomenon that starts with progressive stenosis of the 
terminal internal carotid artery. This is followed by the formation of 
the compensatory collateral network that is responsible for the “puff 
of smoke” angiographic appearance.(Zipfel et al., 2005) The case 
described by Zulch et al. (1974) appears to support this hypothesis 
given the presence of carotid siphon stenosis and middle cerebral 
artery occlusion before the development of moyamoya collateraliza-
tion 23 months later (Zulch et al., 1974). The patients described in 
this series all appeared to have atherosclerotic narrowing or occlu-
sion of the middle cerebral artery that likely progressed slowly, allow-
ing gradual formation of the collateral arterial network.
Patients with moyamoya disease are known to be at high 
risk for both hemorrhage and ischemia. Approximately half 
of adult patients will present with a hemorrhage (2) (Kuroda 
et al., 2005). This poor natural history has led to aggressive 
attempts  to  revascularize  the  arterial  segment  downstream 
from the occlusion or stenosis (Suzuki and Takaku, 1969). The 
natural history of MCA stenosis or occlusion associated with 
moyamoya collateralization on the other hand is not known. 
All three patients in this study were discovered due to ischemic 
phenomenon. The development of collateral supply in these 
patients may serve as an endogenous bypass procedure and have 
a protective roll. Conversely, such patients may be at similarly 
high risk for stroke and hemorrhage as patients with moyamoya 
disease. Therefore, in the future it will be important to better 
delineate the natural history of isolated middle cerebral artery 
stenosis associated with moyamoya pattern collateralization in 
a larger group of patients.